INTRODUCTION
Compressional-wave velocity, wet-bulk density, and porosity were measured on sediments and rocks recovered from Deep Sea Drilling Project Holes 515B and 516F. Wet-bulk densities were measured by both gravimetric and GRAPE methods. Velocities were measured on trimmed samples with the Hamilton frame velocimeter. The shipboard measurement techniques are discussed in the explanatory notes chapter (Coulbourn, this volume) and are described in detail by Boyce (1976a) . Only the shipboard measurements are reported here. The results of shore-based laboratory studies of the physical properties of the carbonates and basalts from Hole 516F can be found in Carlson and others (this volume) and Gebhard and Carlson (this volume) . Mechanical properties of the sediments are discussed in Walton and others (this volume) and Faas and Crocket (this volume) .
The physical properties of 55 mudstone samples recovered from Hole 515B between sub-bottom depths of 256 and 635 m are summarized in Table 1 . Extensive physical property measurements were made at Hole 516F on samples from sub-bottom depths between 172 and 1231 m, including 319 carbonates, 5 volcanic ashes and sandstones, and 1 mudstone. The physical properties are listed in Table 2 .
DENSITY-POROSITY RELATIONS
Wet-bulk densities (ρ b ) of mudstones, carbonates, and clastic sediments were estimated by gravimetric (immersion) and 2-minute GRAPE methods as described by Boyce (1976a,b) . "Gravimetric" porosities (Φ) were calculated from the gravimetric densities, water contents (W c ), and pore-fluid density (ρ f = 1.025 g/cm 3 ) of the sediments:
Φ =
GRAPE porosities were calculated from estimated bulk densities by assuming a mean-grain density (ρ g ) of 2.71 g/cm 3 . For suites of samples having the same mean-grain density, fractional porosity and wet-bulk density are linearly related: Qb = Q g Barker, P. F., Carlson, R. L., Johnson, D. A., etal., Init. Repts. DSDP, 72 : Washington (U.S. Govt. Printing Office).
Thus, both mean-grain and pore-fluid density can be estimated by linear regression if independent measurements of bulk density and fractional porosity have been made.
Gravimetric and GRAPE densities are plotted against gravimetric porosities of mudstones from Hole 515B in Figures 1 and 2 , respectively. The implied pore-fluid density (ρ f = a + b; see Table 3 ) of the mudstones is 0.86 g/cm 3 when estimated from the GRAPE density data and 0.92 g/cm 3 when estimated from gravimetric densities. These values are too low for fully saturated sediments, suggesting that these sediments may have been slightly undersaturated at the time of measurement (i.e., the gravimetric porosities calculated by <f> -Qb WJ ρ f are low because the water content, W c , was underestimated). Undersaturation could occur because of sample volume expansion upon release of overburden pressure and the subsequent uptake of air into the pore spaces or because of slight drying of the samples before measurement.
The mean-grain densities ρ g (parameter a in Table 3 ) of the mudstones are estimated to be 2.86 g/cm 3 from the gravimetric density data and 2.81 g/cm 3 from the GRAPE densities. Grain densities of clayey silts and silty clays, measured by the pycnometer method, have been reported to be as high as 2.79 g/cm 3 (Bachman and Hamilton, 1976) . However, the grain density estimated for the mudstones from Hole 515B may be too large because there are two distinct groups of mudstone samples that have different apparent grain densities. Samples with porosities above 60% are siliceous mudstones that contain about 15% siliceous biogenic material. In contrast, the samples with porosities less than 55% generally contain no siliceous biogenic material but do contain small amounts of assorted heavy minerals. Thus, it is likely that the higher-porosity, siliceous mudstones have a relatively low mean-grain density, whereas the lower porosity mudstones have a relatively higher meangrain density. Therefore, the high grain densities and low pore-fluid densities estimated by linear regression for the complete data set could be an artifact of fitting the regression line through two groups of samples with different grain densities (i.e., the two groups should lie on separate ρ -Φ curves because they have different mean-grain densities).
Theoretical wet-bulk density-porosity relationships for completely saturated sediments with a pore-fluid density of 1.025 g/cm 3 are shown for comparison with the measured values from Hole 515B and the regression (interva   18  19   20   21  22  23  25  26  27  28  29  30  31  32  33  34  34  34  35  35  36  37  38  38  39  40  40  41  43  44  44  45  46  47  48  48  49  50  51  51  52  53  53  54  55  55  56  56  56  56  56  56  57  57 Figures 3, 4 , and 5 and listed in Table 3 . Mudstones and elastics are indicated as follows: s, sandstone; m, mudstone; v, volcanic ash. lines in Figure 1 (ρ grav . versus </>) and Figure 2 (QGRAPE versus 0). In Figure 1 , the siliceous mudstones (Φ > 60%) plot close to the line for the grain density of 2.6 g/cm 3 , whereas the lower porosity mudstones plot closer to the line representing a grain density of 2.8 g/cm 3 . In Figure 2 , the siliceous mudstones also plot close to the 2.6 g/cm 3 grain density line, but the lower porosity mudstones plot closer to the theoretical relationship with a grain density of 2.7 g/cm 3 . Comparison of Figures 1 and 2 also show that the GRAPE densities are systematically lower than the gravimetric density values.
The density-porosity relationships for the carbonates recovered at Hole 516F are shown in Figures 3 and 4 for the gravimetric and GRAPE densities, respectively. Neither questionable data nor data for mudstones or clastic sediments were included in the regression analysis. Comparison of the figures shows that the scatter of the GRAPE data is larger than the scatter of the corresponding gravimetric density data. Mean-grain densities (see Table 3 ) and pore-fluid densities estimated by linear regression from the gravimetric density data are in good agreement with the expected values for carbonates (e.g., Hamilton, 1970; Bachman and Hamilton 1976; Hamilton, 1974) .
VELOCITY ANISOTROPY
Deep-sea sediments usually exhibit transverse compressional-wave velocity isotropy and velocities parallel to bedding (V h ) that are higher than velocities normal to bedding (V v ) (Boyce, 1976a; Carlson and Christensen, 1979; Bachman, 1979; Carlson et al., this volume) . When both horizontal and vertical compressional-wave velocities are available, transverse isotropy was assumed and the mean velocity (V) and anisotropy (A) were calculated by:
The mean velocities and anisotropies calculated from the shipboard velocity data are shown in Tables 1 and 2. Anisotropies of the mudstones range from -1 to almost 7%. The carbonates from Hole 516F have anisot- Figure 1 . Hole 515B, gravimetric wet-bulk density versus gravimetric porosity. The dashed line shows the best-fitting linear relation determined by least squares (see Table 3 ). The solid lines show the theoretical relationships for completely saturated sediments. ρ b = ρ f Φ + (1 -Φ) Q g with a pore-fluid density of 1.025 g/cm 3 and grain densities as indicated.
ropies that, with the exception of Section 516F-86-3, range from -4.3 to 16%. An error in one or both of the velocity measurements on this section was probably the cause of the large negative anisotropy of this sample (A = -15.6%). Approximately 6% of the shipboard measurements indicate a negative anisotropy (i.e., V v higher than V h ). However, negative anisotropy is rarely observed in shore-based laboratory measurements (e.g., Carlson and Christensen, 1979; Carlson, 1982; Carlson, 1981; Carlson et al., this volume) and those that do occur are usually less negative than the uncertainty of the measurement. Most of the negative anisotropies reported are small, suggesting that errors in velocity measurements could produce them. For example, it is likely that trimmed surfaces on some samples are not parallel, in which case the measured velocity would be too low because the acoustic path is partially through water. Thus, measurements for samples that are isotropic or have a small positive anisotropy could show negative anisotropies. Figure 5 shows the average compressional-wave velocity plotted as a function of the gravimetric wet-bulk density for the carbonates from Hole 516F. The dashed line represents a nonlinear least-squares fit of ρ b on V. Questionable density data, which are indicated in Table 2 and Figure 5 , were not included in the analysis. The regression parameters are shown in Table 3 . For comparison, the empirical relationships determined by Hamilton (1978) and Milholland (1980) from laboratory measurements of velocity and density of calcareous deep-sea sediments are included in Figure 5 . The shipboard measurements on the carbonates from Hole 516F agree well with the empirical velocity-density curve of Hamilton (1978) but are systematically lower than the empirical curve of Milholland (1978) . Figure 2 . Hole 515B, GRAPE wet-bulk density versus gravimetric porosity. The dashed line shows the best-fitting linear relation determined by least squares (see Table 3 ). The solid lines show the theoretical relationships for completely saturated sediments. ρ b = ρ { <j> + (1 -Φ) ρ g with a pore-fluid density of 1.025 g/cm 3 and grain densities as indicated. Figure 3. Hole 516F, gravimetric wet-bulk density versus gravimetric porosity. The dashed line shows the best-fitting linear relation determined by least squares (see Table 3 ). Clastics and indicated carbonates are not included in the linear regression. Figure 4. Hole 516F, GRAPE wet-bulk density versus gravimetric porosity. The dashed line shows the best-fitting linear relation determined by least squares (see Table 3 ). Clastics and indicated carbonates are not included in the linear regression. Gravimetric density (g/cm ) 2.6 2.8 Figure 5 . Hole 516F, compressional-wave velocity versus gravimetric wet-bulk density. The best-fitting relation of the form ρ b = aV* + c determined by least squares (see Table 3 ) and the empirical relations of Hamilton (1978) and Milholland (1980) are as indicated.
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